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(54) HOT WATER SUPPLY SYSTEM AND WATER LEAKAGE DETECTING METHOD 

(57)Abstract: 

PROBLEM TO BE SOLVED: To eliminate a need for an 
inspection apparatus needed during inspection of water 
leakage of a piping, and to improve working efficiency. 
SOLUTION: A hot water supply system comprises a hot water 
supply circuit A, a bath tub 10 to receive supply of hot water 
from a hot water supply circuit A, a bath circulation circuit C 
to circulate hot water in the bath tub 10, a water level 
measuring means to compute a water level in the bath tub 
based on an output signal from a pressure sensor 5 arranged 
in a bath circulation circuit C, and a heating circuit B for 
heating hot water. The measurement range of a pressure from 
a pressure sensor 5 is constituted such that a water level 
measurement range and a measurement range for inspecting 
water leakage are switched to each other. During inspection of 
water leakage, the bath circulation circuit C and the heating 

circuit B are brought into a short-circuit state and form a closed circuit not released to the 
atmosphere, and the internal part of the closed circuit is pressurized. Under this state and 
from the detecting result of the pressure sensor 5, the presence of water leakage of the 
closed circuit is decided by whether lowering of a pressure to a given value is detected. 
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[0027] 

Figure 1 shows a circuit diagram of hot-water supply equipment 
according to the first embodiment of the present invention. Here, 
an element of this hot-water supply equipment corresponding to a 
prior art shown in Fig. 8 is skipped to explain and is marked with 
the same reference number as the prior art. The hot-water supply 
equipment has a following construction for detecting water leakage 
of the inside and outside of equipment Zl including a heating system 
B and a bathtub circulation system C. 

[0028] 

The equipment Zl has a short-circuit device for shorting the 
heating system B and the bathtub circulation system C. The 
short-circuit device is composed of a short-circuit pipe 52 and a 
short-circuit valve 36. The short-circuit pipe 52 connects the 
upstream side of a bathtub heater 24 in the bathtub circulation system 
C and the downstream side of a heat exchanger 22 in the heating system 
B. The short-circuit valve 3 6 is disposed in the short-circuit pipe 
52. The bathtub circulation system C and the heating system B are 
shorted by opening the short-circuit valve 36. 

[0029] 

When the hot-water supply equipment is operated in a normal 
mode, the short-circuit valve 3 6 is closed. Two separating valves 
34, 35 are disposed in a piping system of the heating system B, which 
connects to an expansion tank 21. The expansion tank 21 can be 
separated from the heating system B by closing the separating valves 
34, 35. Here, when the hot-water supply equipment is operated in 
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the normal mode, the separating valves 34, 35 are opened. An outside 
pipe 29b disposed on a returning side connects to the heating system 
B with a connection part 28b. The connection part 28b has a safety 
valve 50. 

[0030] 

When water leakage test is performed, an adapter 4 is attached 
to a circulation part 7 of a bathtub 10. The adapter 4 shorts two 
outside pipes 26a, 26b in the bathtub circulation system C without 
connecting to the inside of the bathtub 10, as shown in Fig. 2. When 
the adapter 4 is attached, the bathtub circulation system C and the 
heating system B provide a closed circuit through the sink valve 
2 , the adapter 4 , the short-circuit pipe 52 , and the separation valves 
34, 35. Here, the adapter 4 has a safety valve 57. 

[0031] 

In this embodiment, the pressure sensor 5 disposed in the bathtub 
circulation system C has a following characteristic. The pressure 
sensor 5, as shown in Fig. 3, detects water pressure in the piping 
system and outputs an output voltage (i.e. , output data ) corresponding 
to the detected pressure. The output data is input into a water 
level measurement device 8 , which is composed of Sbits microcomputer . 
Thus, the pressure sensor 5 functions as a water-level sensor for 
detecting a water level of the bathtub when the hot-water supply 
equipment is operated in a normal mode. When the hot-water supply 
equipment is tested for water leakage , the pressure sensor 5 functions 
as a detector for detecting a pressure decrease in the piping system. 

[0032] 

Therefore, the pressure sensor 5 is required to have at least 
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two measurement range for providing the above two functions. In 
other words , the pressure sensor 5 includes a first measurement range 
for detecting the water level and a second measurement range for 
detecting the water leakage . Here , in Fig . 3 , Vcc indicates a driving 
voltage for being supplied to the pressure sensor 5. The driving 
voltage Vcc is supplied by an outside power supply (not shown) . Vref 
indicates an offset voltage for determining an offset value of the 
measurement range in the pressure sensor 5. The offset voltage Vref 
is supplied by the water level measurement device 8, 
[0033] 

The pressure sensor 5 operated in the first range, for example, 
can detect pressure between -3000mmH 2 O and +5000mmH 2 O by adjusting 
the offset voltage Vref, so that the pressure sensor 5 detects the 
water level of the bathtub that is disposed on a height position 
between -3mand +5m, as shown in Fig. 4 . The pressure sensor 5 ordinary 
has a measurement range between 0mmH 2 O and 640mmH 2 O, as shown in Fig. 
5(a). This fundamental measurement range is changed by adjusting 
the offset voltage Vref. Therefore, the center of the fundamental 
measurement range changes between -3 000mmH 2 O and +5000mmH 2 O, so that 
the pressure sensor 5 can detect pressure between -3000mmH 2 O and 
+5000mmH 2 O. The output data from the pressure sensor 5 is analyzed 
by the water level measurement device 8, which has a resolution of 
2 56 divisions. Thus, the water level is calculated and detected. 

[0034] 

On the other hand, the pressure sensor 5 operated in the second 
range is required to detect pressure, for example, between +100 00mmH 2 O 
and+3 000 0mmH 2 O, as shown in Fig. 5(b) . Moreover, the pressure sensor 


5 is required to detect a sudden decrease of water pressure in the 
piping system when the piping system leaks water. Therefore, the 
measurement range of the pressure sensor 5 is necessitated about 
20000mmH 2 O width, which corresponds to the sudden decrease of water 
pressure. Thus, the pressure sensor 5 switches the first and second 
ranges for detecting the water level and the water leakage. 
[0035] 

Here, the fundamental measurement range of the pressure sensor 
5is between 0mmH 2 O and 640mmH 2 O, and the water level measurement device 
8 divides this range into 256 divisions. In this case, the pressure 
sensor 5 has a relationship between pressure and output voltage, 
as shown in Fig. 5(a) . A slope of this pressure-output voltage line 
is about 45°. However, this pressure-output voltage relationship 
cannot be used in the second pressure range for detecting the water 
leakage (the second pressure range has about 20000mmH 2 O width) . In 
this embodiment, when the pressure sensor 5 switches from the first 
measurement range to the second measurement range, the 
pressure-output voltage relationship is also switched so that the 
slope of the pressure-output voltage line becomes gradual. Thus, 
the output voltage of the pressure sensor 5 is adjusted moderately. 

[0036] 

The second measurement range for detecting the water leakage 
is between 10000mmH 2 O and 3 0 000mmH 2 O, and the water level measurement 
device 8 divides this range into 256 divisions* The pressure 
resolution of pressure detection limitation in this second 
measurement range is larger than that in the first measurement range, 
so that the pressure sensor 5 operated in the second measurement 
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range cannot detect a small amount of pressure that can be detected 
by the pressure sensor operated in the first measurement range. 
However, in the water leakage test, the pressure sensor 5 is not 
required to detect such a small amount of pressure. 
[0037] 

The pressure sensor 5 switches the first measurement range 
to the second measurement range by applying the offset voltage Vref 
to the pressure sensor 5. 

[0038] 

The first maximum pressure in the first measurement range for 
detecting the water level is 5000mmH 2 O. However, the second maximum 
pressure in the second measurement range for detecting the water 
leakage is 30000mmH 2 O / which is much higher than the first maximum 
pressure. On the other hand, when the pressure sensor 5 detects 
the water level, and the pressure in the piping system increases 
above 640mmH 2 O, the offset voltage Vref is increased in the water 
level measurement device 8 so that the pressure sensor 5 detects 
the pressure above 640mmH 2 O. In this case, an upper limit of the 
offset voltage Vref is defined by an upper limit of the pressure 
that is detected by the pressure sensor 5. Therefore, when the 
pressure sensor 5 switches the measurement range, the measurement 
range is set to around the maximum offset voltage Vref. Thus, the 
measurement range is automatically switched in accordance with the 
offset voltage Vref exceeding the upper limit when the water pressure 
in the piping system increases. 

[0039] 

Next, the water leakage test is performed as follows. Here, 
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each valve is controlled by a controller (not shown) so that each 
valve switches to open and to close. 
[0040] 

(1) At first, a sink valve 2 in the sink system D is closed, 
and a water servo valve 1 in a hot-water supply system A is also 
closed. Then, the separation valves 34, 35 disposed upstream and 
downstream of the expansion tank 21 are closed, and the short-circuit 
valve 36 in the short-circuit pipe 52 is opened so that the bathtub 
circulation system C and the heating system B are shorted. 

[0041] 

(2) Next, the sink valve 2 in the sink system D is opened, 
and the water servo valve 1 in the hot-water supply circuit A is 
gradually opened so as to avoid an unexpected pressure increase 
applied to the bathtub circulation system C and the heating system 
B. Thus, the water supplied from a water pipe flows into the bathtub 
circulation system C through the sink system D. The water flowing 
into the bathtub circulation system C fills the bathtub circulation 
system C, and flows into the heating system B through the short-circuit 
pipe 52 . Then, the water pressure in the bathtub circulation system 
C and the heating system B is gradually increased. 

[0042] 

Therefore, the offset voltage Vref is also gradually increased 
in accordance with increasing the water pressure of the bathtub 
circulation system C. When the offset voltage Vref exceeds the 
predetermined offset voltage, the pressure-output voltage 
relationship of the pressure sensor 5 is switched from the first 
measurement range to the second measurement range. Accompanying 
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with this switching , a voltage measurement program in the water level 
measurement device 8 is also switched from a first measurement program 
for the first measurement range to a second measurement program for 
the second measurement range. 
[0043] 

In this case, the separation valves 34, 35 are closed so that 
the expansion tank 21 is not applied with the high water pressure. 
Moreover, the air in the piping system of the bathtub circulation 
system C and the heating system B is discharged through the safety 
valves 50, 57 so that the piping system is filled with the water 
completely. 
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